Introduction
============

Physical inactivity and sedentary behavior are considered to be global issues. Although numerous studies have highlighted the importance of physical activity (PA) in the general population (e.g., [@B26]), university and college students have been reported to have relatively low PA levels ([@B36]; [@B38]). Over the years, strategies have been carried out to increase PA levels, yet 20% of adults remain physically inactive ([@B37]). In Malaysia, most students aged 22--25 years have been reported to have low and moderate levels of PA ([@B31]). Malaysian university students have also been shown to engage in PA and exercise in at least once a week, with at least 30 min per session ([@B21]). Numerous interventions to increase PA have been conducted among adults, yet not many have participated in PA or maintained PA in the long term ([@B12]). To gain a better understanding of the psychological mechanisms involving students' physical behavior, a theory-based intervention was developed to promote PA. PA is a complex behavior to modify and adopt ([@B33]), but relevant interventions could benefit from the developed theory.

The transtheoretical model (TTM) is aimed at understanding individuals' behavioral changes ([@B29]) and describing how people move dynamically through five different stages of behavioral changes. The TTM has been widely used to describe and understand exercise behavior, such as adoption and maintenance of PA ([@B10]). The four core constructs of TTM are stages of change, self-efficacy, decisional balance, and processes of change. The TTM holds that people begin to perceive more benefits than disadvantages from adopting positive behavior changes as they move through the later stages ([@B9]). This view was also supported by [@B30], who stated that the cons outweigh the pros in the earlier pre-contemplation stage of change. In this study, the pros and cons in decisional balance construct refers to the benefit that encourage people to exercise and barriers that refrain people to exercise.

The transtheoretical model which act as central guideline to positive health-behavior changes, indicated that individuals who were attempting to change their health behavior might experience a series of stages of readiness for change, namely: precontemplation (not intending to make changes or denying the need for change), contemplation (seriously considering making changes), preparation (making small changes), action (actively engaging in exercise for less than 6 months), and maintenance (exercising regularly for at least 6 months) ([@B22]). Movement through these stages often occurs in cyclic rather than linear patterns because many individuals must make several attempts to change their behavior before they meet their goals and move to the next stage ([@B24]). In moving through these stages, people can use different strategies and techniques depending on their goals and motivation to participate in PA ([@B22]).

Self-efficacy is persons' belief in their own ability to organize and execute the course of action required to achieve given goals and resist the temptation to relapse. Self-efficacy is important because individuals with high self-efficacy for tasks tend to try harder and experience more positive emotions related to the tasks ([@B2]). People with higher self-efficacy tend to accept more challenges and persist with their appointed tasks despite obstacles. Meanwhile, the pros and cons in decisional balance refer to the perceived positive and negative aspects of modifying individuals' behavior ([@B13]). Individuals tend to adopt new behavior when they find that the benefits outweigh the cons. Processes of change are strategies using cognitive and behavioral processes to modify experience and environment to change behavior ([@B30]). Cognitive and behavioral processes, which are the second-higher order model in process of changes, can be used to sustain improvements in PA.

Over the decades, many studies have demonstrated a significant relationship between the TTM and PA behavior ([@B19]; [@B20]; [@B14]). The TTM can provide useful guidance for Malaysia's Ministry of Health and Ministry of Education to develop a strategic plan to promote and create awareness of the importance of regularly engaging in PA. The agencies can work hand in hand to establish health policy by educating university students and parents and regularly conducting exercise programs. Moreover, sports medicine professionals, such as certified athletic trainers, sport psychologists, and physical therapists, can refer to TTM studies as sources to understand the need to encourage university students to participate in PA by improving their level of processes of change.

However, we found only one study to date that assesses Malaysian secondary-school students' exercise behaviors based on the TTM ([@B18]). Although the application of the TTM seems to be convincing, there is a lack of research examining university students in the stages of exercise behavior change using the TTM. The present study, therefore, was aimed at applying the TTM to examine the structural relationships between stages of change, self-efficacy, decisional balance, processes of change, and PA among university's students who enrolled in health and medical degree program. We chose health and medical students because they usually are busy (e.g., due to high load of studies, assignments, and clinical postings) and so lack time for PA. This study was also intended to explore the direct and indirect relationships between stages of change, self-efficacy, decisional balance, processes of change and PA among the University's students. The hypothesized relationships proposed in our study are shown in Figure [1](#F1){ref-type="fig"}.
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Materials and Methods {#s1}
=====================

Participants
------------

A total of 562 undergraduate students from the Health Campus, Universiti Sains Malaysia (118 male and 444 female) participated in this study. All the eligible students registered to the university's co-curricular program comprised of sports, arts, and uniform subjects. Only the students who were available during the time of data collection and wanted to volunteer for the study were recruited as participants. Informed consent forms were given out before the study began. Among the 600 students who gave informed consent, 562 completed the questionnaire for a response rate of 93.7%. The Monte-Carlo simulation method for sample size determination was performed using Mplus 8. The initial, hypothesized structural equation modeling (SEM) model (derived from Figure [1](#F1){ref-type="fig"}) was tested in a Monte-Carlo simulation study. A sample size of 560 would achieve power of at least 81% for all the regression coefficient pathways tested in the initial hypothesized SEM model. The sample size of 562, therefore, was deemed adequate for the study.

Measures and Materials
----------------------

### Decisional Balance Scale

The decisional balance scale was a 10-item questionnaire developed by [@B28]. Using a 5-point Likert scale, the students were asked to rate their preferences for questions (e.g., "PA would help me reduce tension or manage stress") from "not at all confident" to "extremely confident." The two main components of the decisional balance scale were the perceived pros (advantages or benefits of exercise) and cons (disadvantages of or barriers to exercise), which represented the positive and negative aspects of individuals' behavioral changes. The internal consistency reliability was reported to be 0.82 for pros and 0.72 for cons ([@B28]). In the present study, the internal reliability was 0.81 for the pros and was 0.82 for the cons.

### Processes of Change Scale

The processes of change scale was a 30-item questionnaire developed by [@B27]. Using a 5-point Likert scale, the students were asked to rate questions (e.g., "I read articles about exercise in an attempt to learn more about it") based on their preferences from "never" to "repeatedly." In this study, second-order factors were used in cognitive and behavioral processes. The five main components of cognitive processes were consciousness raising, dramatic relief, environmental re-evaluation, self-re-evaluation, and social liberation. The five main components of behavioral processes were counter-conditioning, helping relationships, reinforcement management, self-liberation, and stimulus control. The second-order model with two higher factors of cognitive and behavioral processes was commonly applied in research studies. The internal consistency reliability of 0.60 to 0.90 for two higher factors has been reported ([@B27]). In the present study, the internal reliability was 0.84 for cognitive processes and 0.87 for behavioral processes.

### Self-Efficacy Scale

The self-efficacy scale consisted of 18 items developed by [@B3]. Based on a psychometric study using a Korean version of the self-efficacy scale, the scale consisted of three subscales: internal feelings, competing demands, and situational (or interpersonal; [@B35]). This validated Korean version of the self-efficacy scale has been applied in a TTM study with university students conducted by [@B19]. The students were asked to use a 5-point Likert scale ranging from 1 (cannot do) to intermediate degrees of confidence (3 = moderately certain can do) to complete confidence (5 = certain can do). In a column labeled "confidence," the students rated how confident they were that they could regularly perform exercise routines (three or more times a week) in various circumstances (e.g., "when I am feeling tired"). Cronbach's coefficient alpha was 0.91 for the internal consistency of the self-efficacy scale. The 2 weeks' test***--***retest reliability was 0.86 and was performed to measure instrument stability. In the present study, the internal reliability was 0.74 for internal feelings, 0.60 for competing demands, and 0.80 for situational.

### Stages of Change Scale

The stages of change scale consisted of one question with five stages ([@B23]). Stages of change were assessed using a 5-item, dichotomous scale (yes/no) related to regular exercise behavior and intentions. Individuals were categorized into one of the five stages of exercise behavior change described earlier. For example, individuals choose "I currently do not exercise, and I do not intend to start exercising in the next 6 months" if they were in the precontemplation stage. In addition, 2 weeks' test--retest reliability measures were conducted to measure instrument stability, resulting in a kappa index of coefficient of 0.78.

### Godin Leisure-Time Exercise Questionnaire

The Godin Leisure-Time Exercise Questionnaire, developed by [@B7], consisted of two questions on frequency of weekly leisure-time activities intended to gather information on the number of times participants engaged in PA. Individuals were asked to state the number of times they engaged in at least 15-min-long exercise sessions during free time weekly and to indicate the type of exercise: strenuous, moderate, or mild exercise. The frequency score was multiplied and summed by its metabolic equivalent (MET) value: (mild × 3) + (moderate × 5) + (strenuous × 9). The participants were asked to select one of three options (often, sometimes and never/rarely) for the question "During a typical 7-day period, how often do you engage in any regular exercise long enough to work up a sweat?". The percentage of agreement between test--retest classification was reported as 72%, and the kappa coefficient was reported as 0.40 with 95% CI of 0.21 to 0.60 ([@B1]).

Procedure
---------

A cross-sectional study design was employed in the present study. Through purposive sampling, undergraduate students who took part in co-curricular activities were recruited as study participants. A total of 29 co-curricular courses were offered during the first semester of the 2017/2018 academic year. All the students were briefed about the study and its objective.

The study was approved by Universiti Sains Malaysia's Human Research Ethics Committee (USM/JEPeM/17070322) and conducted in accordance with the guidelines of the International Declaration of Helsinki. During the data collection phase, a sheet with essential information on the research, including the study purpose, procedures, and potential risks and benefits, was given to all the participants to enable them to clearly understand the study. They were then informed that their participation was entirely voluntary, and they were free to withdraw from the research at any time without any loss of benefits to which they were entitled or any effect on their causes. The potential participants independently decided whether to participate in the research by giving their consent.

The participants were asked to sign a consent form if they agreed to participate. They were assured that their confidentiality and privacy would be maintained, and the data collected would be used only for research purposes unless disclosure was required by law. The participants completed and returned the questionnaire to the researcher after their co-curricular sessions. To recruit a variety of students from different co-curricular activities, the researcher approached students in sports, arts, and uniform groups. The students took approximately 25 min to complete the questionnaire.

Data Analysis
-------------

Statistical analysis was conducted using Mplus 8. Data were expressed as the mean and standard deviation (SD) for the numerical variables, while the categorical variable was tabulated using the frequency and percentages for descriptive information. SEM was carried out to examine the structure relationship of the TTM (stages of change, self-efficacy, decisional balance, and processes of change) and PA levels. The assumption of normality was not met, so MLR estimation was used in the analysis. MLR is the maximum likelihood parameter with standard errors and a chi-square test statistic (when applicable) robust to the non-normality and non-independence of observations ([@B39]). Following the MLR estimation, the model's fitness was evaluated by several fit indices as recommended by [@B8]: standardized root mean square residual (SRMR) of less than 0.08 with its *p*-value of less than 0.05, root mean square error of approximation (RMSEA) of less than 0.05, comparative fit index (CFI) of more than 0.95, and Tucker-Lewis index (TLI) of more than 0.95.

The initial, hypothesized SEM had one exogenous variable (stages of change) and five endogenous variables (decisional balance, processes of change, self-efficacy, and PA). All the latent variables were parceled with their respective factors. In the decisional balance scale, items DB1--DB5 were parceled to D1 (pros), while items DB6--DB10 were parceled to D2 (cons). For the processes of change scale, the second-higher order model of factors cognitive processes and behavioral processes was used in SEM analysis. In the self-efficacy scale, four items (i.e., SE2, SE5, SE6, and SE7), three items (i.e., SE4, SE8, and SE10), and five items (i.e., SE11, SE12, SE13, SE16, and SE17) were parceled to S1 (internal feelings), S2 (competing demands), and S3 (situational), respectively. PA was calculated to obtain the mean total of each participant's MET score. The initial, hypothesized SEM was tested to detect any significant pathways (*p* \< 0.05) in the model. The recommended significant paths in Mplus 8 were evaluated based on theoretical support. The final SEM was presented in pathways, standardized regression weights (β), and *p*-value. In addition, direct and indirect paths related to PA are further discussed in the following section.

Results
=======

Participants
------------

The participants had a mean age of 19.81 years (SD 1.22), with an age range of 17--27 years. The majority of the students were from the School of Health Sciences (67.3%) and engaged in approximately three exercise sessions (mean: 2.62) per week, and the average per session was 43 min long. The students in sports and art groups reported having more participants than uniform groups. The demographic characteristics of the undergraduate students are shown in Table [1](#T1){ref-type="table"}. Most of the students 262 (46.6%) were in art groups, while 260 (46.3%) students were in sports groups, and only 40 (7.1%) students were in uniform groups.

###### 

Demographic characteristic of undergraduate health and medical students.

  Characteristic                       Frequency   Percentage   Mean (*SD*)
  ------------------------------------ ----------- ------------ ---------------
  **Gender**                                                    
   Male                                118         21.0         
   Female                              444         79.0         
  **Age (years)**                                               19.81 (1.22)
  **Race**                                                      
   Malay                               412         73.3         
   Chinese                             95          16.9         
   Indian                              33          5.9          
   Others                              22          3.9          
  **Field of study**                                            
   School of Medical Sciences          123         21.9         
   School of Health Sciences           378         67.3         
   School of Dental Sciences           61          10.9         
  **Years of study**                                            1.51 (0.81)
  **Curriculum involvement**                                    
   Sport group                         260         46.3         
   Art group                           262         46.6         
   Uniform group                       40          7.1          
   Exercise frequency per week                                  2.62 (1.64)
   Exercise period per session (min)                            43.14 (41.14)

Initial Structural Model
------------------------

The results of model fit for the initial model are shown in Table [2](#T2){ref-type="table"}. There were seven hypothesized path relationships in the initial model. However, the model displayed a poor fit with the data (CFI = 0.720; TLI = 0.561; SRMR = 0.114; RMSEA (CI: 90%) = 0.134 (0.119, 0.149); RMSEA *p* \< 0.001). All the fit indices did not meet the recommended value, so some modifications were made by removing the non-significant paths between variables that did not explain much of the model. The most non-significant paths was removed one at a time in the model and repeatedly re-tested for fitness. However, removal of paths was based on their theoretically meaningfulness.

###### 

Model Fit Indices for model of initial structural model.

  Model               CFI     TLI     SRMR    RMSEA (90%CI)          RMSEA *p*-value
  ------------------- ------- ------- ------- ---------------------- -----------------
  Model 1 (Initial)   0.720   0.561   0.114   0.134 (0.119, 0.149)   \<0.001

CFI, Comparative Fit Index; TLI, Tucker-Lewis index; SRMR, Standardized Root Mean square Residual; RMSEA, Root Mean Square Error of Approximation; CI, Confidence Interval.

Modified Structural Model
-------------------------

Table [3](#T3){ref-type="table"} shows the results of modified structural model 2 to model 4. The model fit indices showed that models 2 to model 4 did not fit the data well. Model 2 displayed the results after removing the non-significant path of pros' affect on PA (CFI = 0.722; TLI = 0.564; SRMR = 0.114; RMSEA (CI: 90%) = 0.133 (0.119, 0.148); RMSEA *p* \< 0.001). Although the fit indices were improved, the model still not display acceptable fit indices within the recommended range of values. The structural model was tested again until all the non-significant paths were removed. After several analyses, model 4 still did not display acceptable results (CFI = 0.770; TLI = 0.587; SRMR = 0.104; RMSEA (CI: 90%) = 0.130 (0.114, 0.146), RMSEA *p* \< 0.001).

###### 

Model Fit Indices for model of Model 2 to Model 4.

  Model        CFI     TLI     SRMR    RMSEA (90%CI)          RMSEA *p*-value
  ------------ ------- ------- ------- ---------------------- -----------------
  Model 2^a^   0.722   0.564   0.114   0.133 (0.119, 0.148)   \<0.001
  Model 3^b^   0.724   0.549   0.113   0.136 (0.121, 0.151)   \<0.001
  Model 4^c^   0.770   0.587   0.104   0.130 (0.114, 0.146)   \<0.001

CFI, Comparative Fit Index; TLI, Tucker-Lewis index; SRMR, Standardized Root Mean square Residual; RMSEA, Root Mean Square Error of Approximation; CI, Confidence Interval.

a

Remove nonsignificant pathway of Pros affects physical activity.

b

Remove nonsignificant pathways of Cons affects physical activity and Cons affects processes of change.

c

Remove nonsignificant pathway of self-efficacy affects physical activity.

Final Structural Model
----------------------

Table [4](#T4){ref-type="table"} shows the overall results of the final structural model (Model 5). Model 5, which was the parsimonious model, was achieved after adding new paths of pros' affects on self-efficacy (Figure [2](#F2){ref-type="fig"}). The results indicated that Model 5 fit the data well, and the majority of the fit indices were within the recommended values (CFI = 0.947; TLI = 0.908; SRMR = 0.046; RMSEA (CI: 90%) = 0.061 (0.045, 0.078); RMSEA *p* = 0.130).

###### 

Model Fit Indices for model of final structural model.

  Model     CFI     TLI     SRMR    RMSEA (90%CI)          RMSEA *p*-value
  --------- ------- ------- ------- ---------------------- -----------------
  Model 5   0.947   0.908   0.046   0.061 (0.045, 0.078)   0.130

CFI, Comparative Fit Index; TLI, Tucker-Lewis index; SRMR, Standardized Root Mean square Residual; RMSEA, Root Mean Square Error of Approximation; CI, Confidence Interval.
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Based on the final structural model (see Figure [2](#F2){ref-type="fig"}), the standardized coefficients embedded in the structural model indicated that stages of change had statistically significant, direct effects on pros (*p* \< 0.001), cons (*p* = 0.022), processes of change (*p* \< 0.001), and self-efficacy (*p* \< 0.001). Among all the variables, only processes of change had statistically significant, direct effect on PA. Of the TTM variables, pros had the strongest, direct effect on processes of change. Processes of change in the structural model explained 7% of the variance in PA. Pros and stages of change explained 44% of the variance in processes of change and 13% of the variance in self-efficacy.

Indirect Relationships in the Final Structural Model
----------------------------------------------------

Although there was no significant, direct path relationship between PA and stages of change, their total indirect relationship was shown to be positive and statistically significant (β = 0.080, *p* \< 0.001). The two specific indirect effects of stages of change to PA also returned statistically significant results via processes of change (β = 0.053, *p* = 0.003) and via pros and processes of change (β = 0.027, *p* = 0.002). In addition, the specific indirect effect of pros to PA via processes of change (β = 0.153, *p* \< 0.001) was also statistically significant.

Discussion
==========

The present study provides new contributions to existing knowledge on the relationship between the TTM and PA among Malaysian health and medical undergraduate students. The final model was modified according to the conceptual framework proposed by [@B20]. To obtain deeper understanding of how the TTM led to PA involvement among health and medical students, this study added the full constructs of the TTM to test Godin's PA ([@B7]).

Based on the initial structural model, this study suggests that processes of change, decisional balance, and self-efficacy can be affected by stages of change and can affect students' PA. The initial structural model indicates that students with high self-efficacy and positive thoughts and behavior tend to be more physically active despite facing numerous obstacles (e.g., pressure from examinations, postings, medical rotations, and coping with studies). It can be seen clearly that stages of change are the main factor contributing to the cognitive and behavior processes in processes of change that affect students' involvement in PA. In this study, Malaysian health and medical students are mostly in the preparation stage and engage in some exercise but not regularly. A probable explanation of this result is that they exercise in their leisure time or when accompanied by friends. Co-curricular activities engage many students in PA, indicating that they are more motivated to be involved in PA when in a supportive environment, such as university exercise facilities. Friends' support also positively affects university students' PA by providing a supportive social network that facilitates regular involvement in PA ([@B20]). Encouragement and support from friends are important for students who intend to exercise but participate irregularly. Moreover, regularly scheduled PA sessions with company can help sustain healthier, active lifestyles. Students in the preparation stage thus are likely to change their current PA level to the action stage.

The study outcomes provide new understanding of the current exercise stages of Malaysian university students in health and medicine. The findings indicate that, decisional balance, and processes of change influence continuance of regular exercise among students depending on their current stage of change. These results help us to understand that most university students in the preparation stage are likely to participate in PA if they consider its advantages and disadvantages, have positive thoughts and good behavior. Although the present study did not found significant relationship between self-efficacy and PA, [@B5] claimed reported that those in the preparation and action stages have higher self-efficacy than those in the pre-contemplation and contemplation stages. Increasing self-efficacy in early stages of change, therefore, can help improve students' engagement in PA.

For decisional balance, the pros and cons have statistically significant relationships with stages of change. The perceived positive and negative aspects of PA depend on students' current stage of exercise behavior. Students in early stages tend to perceive regularly engaging in PA as a waste of time, whereas students in later stages tend to be willing to engage in PA on a regular basis regardless of obstacles. The pros and cons are important components in continuous exercise, and active students have higher positive factors scores for doing exercise than students with low activity levels ([@B17]). Similarly, [@B30] reported that a positive decisional balance is associated with motivational readiness for exercise. It, therefore, is important to create a positive decisional balance in the early stages of PA ([@B16]).

In the present study, processes of change have the largest total effect on university students' current stages of PA. Students' stages of change was significantly positive associated with processes of change. In other words, current exercise level could have positive effect on their thought and behavior in engaging PA. This finding replicates previous research reporting that all processes of change (cognitive and behavioral) have correlations in all stages of change ([@B11]). In addition, a study by [@B34] supported that processes of change components are better predictors of transitions between stages of change.

Despite evidence on the effectiveness of reaching PA levels, self-efficacy and decisional balance have weak relationships with PA. Among the TTM's constructs, only processes of change are found to affect PA in the final structural model. This finding supports the need to use cognitive processes to think of the benefits of PA and to have good behavior to engage in PA regularly. This result can be explained by students' ability to make their own decisions about their health and the adoption of regular PA. Interestingly, this health-enhancing behavior in cognitive processes may reflect a narrow view of positive psychological outcomes ([@B25]; [@B32]). In the present study, students' processes of change was significantly positive associated with PA. This indicated that those who reported to have higher level of processes of change behavior would also have higher amount of PA. The finding is similar to a U.S. study reporting that Mexican-American young women use processes of change to become more physically active ([@B4]).

However, the present study's results conflict with the work of [@B14], who found that self-efficacy is a factor contributing to PA behavior. As well, [@B20] reported that self-efficacy has a greater total effect on PA behavior than pros and cons. They found that self-efficacy is the strongest predictor of adopting and maintaining regular PA behavior ([@B20]). This result was proven by the finding that adolescents with high self-efficacy are more likely to engage in PA than adolescents with lower levels of self-efficacy ([@B20]). In addition, PA can affect individual self-efficacy in a conceptual model proposed by [@B6]. This hypothesis was tested in a study conducted by [@B15], who found that college students with higher PA levels report greater exercise self-efficacy.

This study has several limitations that need to be considered. The sample was comprised of university students who exercised during co-curricular activities, so the results have limited generalizability to other undergraduates and do not reflect all undergraduates in Malaysia. However, researchers can use the sample from this university as the reference group in future studies. A cross-cultural study using the TTM construct to observe exercise behavior can be conducted among the Malaysian broader population and in other countries.

Conclusion
==========

In conclusion, the present study showed that the TTM has a positive relationship with PA. To engage regularly in PA, individuals must have positive thoughts and good behavior in processes of change, which push them and help them keep motivated to engage in PA. This can be clearly seen as the students' current stages of exercise and positive behavior and thoughts might influence them to engage in regular PA. They are more willing to engage in PA after considering the benefits of exercise. The results show that pros and cons have important impacts on the students' current stages of exercise. The higher the stage of exercise, the more likely an individual is to select suitable exercise and to be willing to conduct PA at any time. In addition, healthy behavior interventions, such as the exercise type and the participants' cognitive and behavior aspects, must be taken into consideration. These findings provide recent evidence that processes of change are the most crucial factor affecting PA.
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